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Road  Materials  in  the  Vicinity  of  Retina, 
Saskatchewan. 


«  li \i'ii;n  I. 

INTKoDI  (  TION. 


' -^ 11.. .1.     .»-  ....    ........    ......   ...^....1  ..-  I'. ...... .'I,. .'. 

(■(lUiilry  luiids  in  Sji^kiitclicWiiii,  ami  road  inatcfiaN  arc  «'xci|  '  ■!!>' 
si'tirct' within  waifoii  hauliiiK  ili>taiirf  III' tlir  rity,  it  wa-i  tlioiiKlit  '.  •'  •  rk 
in  tliat  .'Ilea  woiilil  priil>a)>!.v  he  of  iniu'i'  iininfiliatc  vaiui'  to  niai.  .ith 
than  if  iiiuli'itakcn  in  otlicr  \mi\>  of  ilir  province. 

The  ar-  ■•;  iintnciiiatcly  aiijacent  to  r.iilway  lines  K"in(I  into  Uc^ina 
Were  closel.,  .o>|)ectc(i  for  roail  iniiliriai-  foi  distances  of  alioni  2.")  miles 
from  the  cit,\'  ami  in  some  case*  farther  out.  The  country  lietween  the 
railways  was  not  in  all  cases  e\:unincil  with  the  same  care. 

7  ii/'"'/'"/''i"  iiml  (indin  7, 

The  district  in  the  vicinitv  ot  iJesina  !■<  on  the  whole  .an  extremely  flat, 
treeless  prairie.  Northeast  of  the  city  alioiit  10  to  l.")  miles  is  the  nL'tr^in 
of  ii  licit  of  country  characterized  tiy  small  hillocks  and  rid({es  risinn  from 
10  to  50  feet  over  this  flat  plain,  and  still  farther  northeast  hy  many  small 
j)onds  nnd  thick  chimps  of  hrush  and  low  frees.  The  southwestern  ed(?e» 
of  this  belt  trend  roughly  northwest  hy  north  pa.ssin^  near  Kathrinthiil  and 
Pilot  Butte.  There  are  a  iiumher  of  s.nall  hills  also  near  Condie  un<l  in 
the  northwestern  part  of  the  area.  The  district  is  drai-'cd  by  the  Qu'Ap- 
pelle  river  and  its  tributaries.  The  (Ju'.\»  Ue  .'lows  eu.st-west  on  the 
north  side  of  and  across  part  of  the  area.  river  lies  in  n  steep-sided, 

flat-bottomed  trouch  about  a  nnle  wiil.  and  2'  "et  deep  and  its  tributaries 
enter  this  t'rouph  from  the  south  thjoiijrh  (Uep,  steep-sided  gorges  which 
extend  back  1.5  miles  from  tlu  r.iaii!  •  iv(  r  in  places.  On  the  slopes  of  the 
Ciu'Appelle  valley  and  its  .Ueper  tr-i'itary  gorges  are  many  small,  dome- 
shaped  hills  and  short-s'  ^  ,  -sided  gli!  i.il  ridjjes. 

The  surface  of  t'le  "  is  coverci:  for  the  most  part  by  heavy  day 
carrying  a  small  proportioii  of  stone  and  boulders.  In  the  hilly  sections 
and  along  the  eilges  of  the  deeper  valleys  there  are  deposits  of  gravel,  sand, 
and  silt  occurring  in  connexion  with  deposits  of  stony  clay.  'lh<'  stony 
clay  is  believed  to  have  been  deposited  in  the  ghu'ial  period  by  sheets  of 
nielting  ice;  the  firavels  were  evidently  laid  down  by  streams  connected 
with  the  ice-sheets  or  in  lakes  furimd  directly  •  r  indiie-tly  tlitough  glacial 
agencies. 

No  outcrops  of  exteiisivi ,  licdded  >cdiinents  were  seen  in  this  area 
.although  outcrops  of  ("retaceous  shales  arc  described  on  the  west  .side  of 


Ix)st  Mountain  lake  just  to  the  north.'  Excavations  made  in  the  uncon- 
solidated clays  and  gravels  that  lie  on  the  surface  reveal  conditions  that 
are  very  similar  in  most  places.  For  from  4  to  9  inches  from  the  surface 
there  is  a  layer  of  black  or  brown  soil  discoloured  by  organic  material  and 
compar.atively  loose  in  texture.  Below  this  is  a  belt  from  1  to  2  feet  thick 
in  which  the  unconsolidated  drift  has  been  cemented  together  by  a  white 
crust — presumably  largely  of  lime  carbonate  and  alkali  salts — into  a  much 
firmer  and  harder  mass.  In  clays  the  lower  part  of  the  cemented  belt  is 
rarely  3  feet  from  the  surface.  In  open-textured  gravels  some  of  the  white 
crust  was  observed  at  P  feet  from  the  surface  and  a  coating  of  iron  oxide 
down  as  far  as  the  gravel  had  been  excavated.  The  permanent  ground- 
water-level,  just  below  which  the  ground  is  saturated  with  water,  is,  if 
present,  in  most  places  many  feet  from  the  surface. 

Road  Conditions. 


Roads  in  this  district  follow  section  lines,  that  is  they  run  east-west  or 
north-south  in  practically  all  cases  and  their  grades  are  on  the  average  very 
low.  Nearly  all  the  country  roads  are  unsurfaced,  parts  of  them  are 
ungraded  "  prairie  trails."  In  the  comparatively  dry  summer  of  1917 
from  50  to  7-5  per  cent  of  the  roads  were  in  excellent  condition,  some  of 
the  best  strtcches  being  the  prairie  trails.  After  a  day's  rain  the  clay 
roads  dried  quickly  and  in  most  places  the  surface  broke  up  into  a  crumbly 
mass  so  that  deep  ruts  formed  in  the  wet  clay  soon  disappeareti.  Along 
stretches  where  the  roads  crossed  undrained  sloughs  their  surfaces  were 
generally  rough.  Where  the  underlying  soil  was  of  gravel  or  even  of  sand 
the  road  surfaces  were  in  most  places  firm  and  traction  easy,  but  where  the 
subsoil  was  of  fine  sand  heavy  traffic  formed  holes  of  loose  sand.  Although 
the  clay  roads,  especially  those  carrying  heavy  traffic,  are  undoubtedly  in 
bad  shape  after  long  periods  of  wet  weather,  the  surfaces  of  the  earth  roads 
are  in  good  condition  for  many  more  days  in  the  year  than  they  are  in 
eastern  Canada. 

The  comparatively  satisfactory  condition  of  the  earth  roads  is  due  in 
a  large  measure  to  the  climate,  to  the  character  of  soils  and  subsoils,  and  to 
the  position  and  movements  of  groundwater  through  the  soils  and  subsoils. 
The  depth  of  groundwater-level  combined  with  a  dry  atmosphere  tends  to 
quick  drying  of  the  surface  soil  after  a  rainstorm.  With  the  low  annual 
precipitation  this  produces  a  firm  surface  on  clay  roads  for  more  days  in 
the  year  than  where  such  conditions  do  not  hold.  The  crumbling  of  the 
clay  surfaces  is  probably  due  to  the  action  of  lime  in  the  soil,  which  breaks 
up  the  soil  in  drying  and  tends  to  prevent  the  forming  of  hard  ridges  along 
the  wheel  tr.icks.  The  belt  of  cemented  subsoil  acts  as  a  firm  foundation 
both  in  clay  and  sand  roads  under  conditions  of  light  traffic.  In  slough 
areas,  however,  the  ground  is  saturated  with  water  cJose  to  the  surface  and 
this  dry  coherent  foundation  is  absent.  This  is  probably  also  true  of  the 
bottoms  of  wide  valleys  like  the  Qu'Appeile.  Under  heavy  traffic,  also, 
water  penetrates  deeper  into  the  clay  surfaces  during  wet  periods  and  the 
crumbling  of  the  clay  upon  drj'ing  is  not  so  noticeabl"  30  that  the  roads 
are  either  soft  or  rough  for  long  periods.  It  is  principalh ,  then,  along 
heavily  trafficked  roads  and  across  wet  places  that  the  surfacing  of  the 
roads  becomes  necessarj'. 


^  Rirs.  H.,  and  KccIp.  J..  "Report  on  t!:f  i 
Can.,  Mem.  28,  1913,  p.  26. 


;  :ir.d  al'jiK*  tit'posita  of  tb.t 


■ !)!  II.  Geol  Surv., 


ROAD  MATERIALS. 

The  only  materials  available  for  road  surfacinp!  in  this  district  are 
glacial  boulders,  gravels,  and  sands.  The  burnt  clays  of  Estevan  lie 
southeast  of  the  mapped  area. 

GLACIAL  BOULDERS. 

The  supply  of  boulders  is  very  small  and  they  are  not  present  in  suffici- 
ent quantity  at  any  place  to  form  an  effective  road  surface  by  themselves. 
The  largest  quantity  was  found  along  the  northern  edge  of  the  Qu'Appelle 
valley  west  of  Lumsden,  where  from  1,200  to  1,500  cubic  yards  of  piled 
boulders  were  seen  in  an  area  of  about  three  half  sections  south  of  the 
township  line  road.  If  the  same  amount  could  be  obtained  from  the 
corresponding  half  sections  to  the  north  of  the  township  line  road,  there 
would  be  just  sufficient  stone  to  surface  1^  miles  of  road  with  crushed  stone 
16  feet  wide  and  6  inches  thick  (after  rolling).  In  other  places,  200  cubic 
yards  have  been  seen  in  one  half  section;  but  over  the  greater  part  of  the 
area  there  is  no  stone  at  all.  Field  stone  has  been  shipped  from  Lumsden, 
Craik,  and  Davidson  and  sold  in  Regina  at  $9  per  cord  uncrushed.  Twelve 
hundred  cords  were  shipped  to  Regina  in  1911  from  Findlater  and  brought 
$11.65  per  cord  f.o.b.  cars  Regina  (uncrushed).  The  stone  after  crushing 
is  used  in  filters  and  in  connexion  with  the  disposal  of  sewage. 

BURNT   CLAY. 

Natural  burnt  clay  deposits  occur  at  Estevan  115  miles  southeast  of 
Regina.  They  lie  adjacent  to  beds  of  ash  that  evidently  are  the  remains 
of  beds  of  coal  which  were  set  on  fire  at  some  time  in  the  past  and  had 
burnt  the  nearby  clays  to  the  consistency  of  ordinary  building  brick.  The 
burnt  clay  is  traversed  by  numerous  closely  spaced  cracks  and  upon  exca- 
vation it  breaks  up  easily  into  fragments  from  1  to  4  inches  across.  A  part 
of  the  road  leading  south  out  of  Estevan  was  surfaced  with  this  material 
for  a  distance  of  half  a  mile  in  August  1915.  The  clay  fragments  were 
dumped  and  spread  to  about  the  width  of  the  wheels  and  to  a  thickness  of 
from  6  to  9  inches.  After  a  few  months  of  service  the  clay  had  ground  to 
dust  in  the  wheel  tracks  and  had  not  cemented  in  other  parts  of  the  road. 
Lignite  cinders  and  ashes  were  then  placed  over  the  clay,  about  the  same 
amount  being  used  as  in  the  case  of  the  clay,  and  the  surface  was  dragged. 
The  cinders  cemented  the  mass  together  almost  at  once  and  the  ensuing 
surface  was  satisfactory.  The  road  carries  about  120  vehicles  per  day  in  the 
spring  and  autumn,  of  which  a  large  proportion  are  coal  wagons  and  over 
one-half  are  automobiles. 

The  burnt  clay  alone  is  not  very  durable  and  has  no  cementing  value. 
Mixed  in  the  surface  of  a  clay  road  it  would  be  bound  together  by  the  raw 
clay  and  would  reduce  the  plasticity  of  that  material,  making  it  harder  and 
less  sticky  when  wet.  Sand  also  diminishes  the  plasticity  if  added  to  a  clay 
road  surface,  and  is  more  durable  than  the  burnt  clay.  Sand  clay  roads 
have  given  very  satisfactory  service  under  moderately  heavy  traflic  and 
can  be  built  at  low  cost  if  the  sand  deposits  are  nearby.  At  Estevan  the 
hauling  and  spreading  of  the  burnt  clay  to  a  depth  of  from  6  to  9  inches 
cost  about  50  cents  per  square  yard  of  surface.     Here  the  deposits  were 


. 


ready  burnt  and  lay  near  the  read.  The  cost  of  burning  enough  raw  clay 
to  make  a  surface  thick  enough  to  support  traffic  near  Regina  would  be 
very  great.  If  the  cost  of  sand  or  gravel  delivered  at  the  road  is  as  groat 
It  would  1)0  better  economy  to  use  sand  or  gravel. 

(in.WEL  DKi'osrrs. 
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(uninil  ('hfinictir. 

Definition.  Natural  deposits  of  unconsolidated  niiii.ial  i)articles 
gradmg  m  size  from  3  inches  downward  are  in  general  called  "gravel 
.ioposits  "  in  this  report.  In  the  area  examined  the  greatest  proijortion 
ot  them  are  made  up  of  grains  over  0.01  inch  in  diameter.  When  such 
gravel  is  divided  by  screening  into  lots  containing  jiarticles  of  different 
sizes,  however,  only  the  material  over  {  inch  cMii  strictly  be  called  "gravel" 
and  that  portion  with  grains  under  J-  inch  is  spoken  of  as  "  sand  "  Fin<> 
sands  occurring  with  the  gravel  deposits,  but  apparently  in  many  cases  as 
distinct  beds  or  masses,  are  for  convenience  referred  to  as  "  silts  "  in  this 
report.  Only  about  80  per  cent  of  these  silts  are  made  up  of  grains 
smaller  in  diameter  than  0.01  inch,  and  "  silt  "  is  not,  therefore  the 
technically  correct  term  to  apply  to  thcT'i. 

Location.  The  main  depoiits  of  -ravel  lie  in  a  belt  trending  west 
..)f  north  from  near  Kronau  through  Pilot  Butte  C'ondie,  and  Lumsden, 
to  J'lndlater.  \\  est  of  Lumsden  there  is  a  sheet  of  gravel  at  Dislev  and  to 
the  southwest  near  Rocky  lake  are  other  large  tleposits.  .\11  of  these 
except  the  Finillater  gravels  are  shown  on  the  largo  map.  Small  gravel 
.sreas  are  found  to  the  northeast  of  this  belt  but  the  southwestern  part  of 
the  mapped  area  is  practical!-  without  gravel.  The  Findlater  area,  4 
miles  northwest  of  Regina,  is  shown  in  Figure  3.  A  sample  from  Estevan 
115  miles  southeast  of  Regina,  was  also  tested. 

Occurrence  and  Form.  The  larger  gravel  areas  at  Findlater,  Rocky  lake, 
Lumsden,  Pilot  Butte,  and  elsewhere  have  the  form  of  elongated  sheets 
lying  on  fairly  flat  floors  of  boulder  clay.  They  vary  in  length  from  a  few 
hundred  yards  to  over  2  miles,  but  are  verv  narrow  in  proportion,  and 
range  in  depth  from  8  to  about  25  feet  in  most  places;  in  one  place  sand 
am  gravel  extended  to  at  least  50  feet  from  the  surface.  On  the  edges 
and  toward  the  ends  of  these  .sheets  the  deposits  become  in  many  places 
irregular  m  form,  masses  of  boulder  clay  projecting  upward  into  the  gravel 
and  pockets  of  gravel  lying  in  the  adjacent  boulder  clay,  some  of  them 
detached  from  the  mam  sheet.  Such  conditions  can  be  observed  at  the 
east  end  of  the  old  pit,  No.  18,  at  Dislev,  in  the  large  pit  at  Lumsden,  and 
elsewhere. 

The  surfaces  of  the  large  sheets  of  gravel  are  rather  flat,  and  somewhat 
rounded  depressions  without  outlet,  "  sags,"  are  a  common  feature.  Below 
these  sags  the  gravel  sheet  is  either  covered  by  several  feet  of  brown  sand, 
silt,  or  clay,  or  it  does  not  exist  (Figure  2  and  Plates  I  and  II).  Since  the 
gravel  almost  invariably  lies  at  the  surface  on  the  higher  ground,  this 
structural  peculiarity  should  be  kept  in  mind  when  new  deposits  are  being 
opened  up.  The  gravels,  and  the  silts  lying  over  them,  are  well  stratified 
and  commonly  cro.ssbedded. 

Besides  the  large  flat  sheets  there  are  numerous  small  gravel  deposits 
lying  in  hills  of  boulder  clay.     These  vary  in  size  from  a  few  cubic  yards 


upward,  but  are  invariably  small.  The  gravel  may  be  exposed  at  the 
surface  and  flanks  and  simply  rest  on  boulder  elay,  or  it  may  l)e  partly 
overlapped  by,  and  in  many  cases  completely  covered  and  surrounded  by 
clay.  Deposits  of  this  kind  are  seen  on  the  banks  of  Waskana  and  (thcr 
creeks  where  the  erosion  of  the  creek  valley  has  exposed  one  of  their  flanks. 
The  smaller  tleposits  are  nearly  always  distinctly  stratified,  the  beds  are  in 
many  cases  lens-shaped,  and  crossbedding  is  common. 

Texture.  By  the  texture  of  a  gravel  and  sand  is  meant  the  propor- 
tion- of  the  grains  of  different  sizes  present  in  the  sample.  Texture  is 
probably  the  most  important  factor  in  determining  the  use  to  which  a  sand 
or  gravel  can  be  put  in  concrete  or  bituminous  work.  The  significance  of 
the  tables  showing  the  texture  of  the  various  deposits  should,  therefore,  be 
understood  and  they  arc  explained  below.  The  results  of  laboratory 
tests  on  seventeen  samples  of  gravel  and  sand  aggregate  are  given  in  Tables 
I  and  II.  Numerous  field  tests  were  made  and  the  results  given  in  Table 
VI. 

An  examination  of  Table  VI  together  with  Figure  2  shows  that  in  the 
large  gravel  sheets  like  those  at  Pilot  Butte,  Lumsden,  and  elsewhere, 
the  gravel  and  sand  aggregates  contain  a  small  percentage  of  gravel  over 
I  inch,  combined  with  coarse  sand.  Lying  on  top  of  these?  and  ea.sily 
distinguished  from  them  are  small  quantities  of  much  finer  silts  and 
clays.  In  the  smaller  deposits  the  textures  vary  sharply  and  in  one  pit  face 
the  material  may  change  from  fine  silt  or  clay  to  coarse  gravel  within  the 
space  of  10  feet  horizontally  or  a  few  feet  vertically. 

Explanation  of  Tables.  In  the  hdioratory  a  sample  of  the  aggregate 
was  first  separated  on  the  |-inch  screen  into  "  gravel  "  and  "  sanci,"  sand 
being  the  material  passing  through  the  screen.  CJravel  was  further  sepa- 
rated on  a  .set  of  standard  screens  into  the  sizes  indicated  in  Table  I.  The 
sand  was  separated  by  a  set  of  Tyler  sieves  of  8  mesh,  14  mesh,  28  mesh, 
48  mesh,  100  mesh,  and  200  mesh.  The  length  of  one  side  of  each  of  the 
square  openings  in  these  sieves  is  indicated  in  Figure  1. 

In  this  set  of  sieves  the  size  of  the  opening  in  any  one  sieve  is  larger 
than  the  next  smaller  one  by  a  definite  proportion,  that  is  the  area  of  the 
opening  in  the  8  mesh  is  nearly  4  times  that  of  the  14  mesh,  the  14  mesh  is 
four  times  larger  than  the  28  mesh  and  so  forth.  If,  therefore,  a  sand  is 
separated  on  these  sieves  the  average  volume  of  the  individual  grains  in 
one  lot  is  nearly  four  times  that  of  the  average  volume  of  the  individual 
grains  in  the  lot  retained  on  the  next  smaller  mesh.  The  proportion  of  the 
openings  in  the  -J-inch  to  the  8  mesh  is  somewhat  higher,  but  can  be 
determined  from  the  diagram.  The  results  of  analyses  on  these  screens, 
therefore,  form  a  more  logical  basis  for  comparing  the  textures  of  gravels 
than  the  results  obtained  from  the  standard  scries  of  sieves  in  which  there 
is  no  definite  proportion  between  the  size  of  the  openings,  sec  Figure  1. 
The  results  can  be  converted  from  the  Tyler  system  to  the  Standard  by 
plotting  the  "  cumulative,  or  total,  percentj'.feis  retail  hI  "  on  a  diagram 
like  Figure  1  and  reading  off  the  points  upon  which  the  curve  crosses  the 
ordinates  of  the  various  standard  sieves. 

In  Tables  I  and  II  the  results  of  laboratory  analyses  are  expressed  in 
cumulative  percentages  retained  on  each  of  the  sieves  rather  than  as  per- 
centages passing  one  sieve  and  retained  on  the  next  lower.  Results 
expressed  in  this  way  can  be  more  readily  used  when  comparisons  are  made 
between  one  sand  and  another. 
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Figure  1.  Diaffram  showing  the  relation  between  the  texture  ((^radinKl  of  sand  and  the  compressive 
strength  of  Portland  cement  mortar  made  from  it  ( based  on  results  of  experiments  by  F.  H. 
Jackson,  jun..  Office  of  Public  Roads,  Washington,  D.C.).  Curves  I  and  4  represent  the 
limiting  textures  te,ited  by  Jackson,  and  evenly  distributed  within  this  zone  lie  the  other  58 
combinations.  Curve  2  represents  the  texture  of  smd  with  maximum  compressive  strength. 
Sands  lying  between  Curves  1  ami  3  have  co.r.pies.sive  strengths  from  00  to  100  per  cent  of  the 
maximum. 


In  the  field  tests  fewer  screens  were  used  and  the  proportions  were 
determined  roughly  by  volumetric  means.  Duplicate  samples  were, 
however,  taken  at  thirteen  localities  and  tested  both  in  the  laboratory  and 
the  field.  The  results  showed  that  the  average  "  cumulative  percentages 
retained  "  on  the  screens  as  obtained  from  field  analyses  lay  within  o  per 
cent  of  the  results  obtained  in  the  laboratory,  except  for  one  screen  where 
the  field  analyses  were  11  per  cent  too  high.  The  field  analyses  in  Table 
VI  have  been  corrected  by  the  amount  of  their  average  deviation  to  con- 
form to  th(!  laboratory  results. 

The  texture  of  sands  may  be  convi'uiently  eompare(l  by  plotting  tliein 
in  a  diagram  such  as  Figure  1  where  the  ordinates  represent  cumulative 
percentages  retained  on  each  screen  and  the  abscissa  represent  the  screens, 
diminishing  in  size  to  tlic  right.  The  curve  (»f  a  coarse  sand  in  this  diagram 
will  rise  steeply  and  lie  to  the  left  of  the  finer  sands.  As  will  be  shown 
further,  page  13,  a  relation  has  been  drawn  between  the  position  of  a  sand 
on  this  diagram  and  the  strength  of  a  Portland  cement  mortar  made  from 
it.  Another  means  of  comparing  the  textures  is  by  a  "  fineness  factor  " 
found  by  adding  the  cumulative  p-  icenttiges  retained  on  the  set  of  screens 
used.  In  this  report  the  '' fineness  factor  "  is  ('(pial  to  the  "cumulative 
percentages  retained  "  on  the  8,  14,  28,  and  48  meshes.  .Most  of  the  sanil* 
'inalysed  have  a  fineness  factor  ranging  from  l.")0  to  HOO  and  l.")()  may  lie 
considered  as  representative  of  medium  and  800  of  coarse  sand;  sands 
below  100  may  be  considered  fine.  The  silts  lying  over  the  sands  and 
gravels,  and  in  some  places  within  them,  luive  fineness  factors  lower  than 
50. 


Table  I. — Remits  of  Laboratory  Analyses  of  Textures  of  Gravel  and  Sand 

Aggregates. 
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Table  II.— [{exults  of  Laboratory  Analyses  of  Textures  of  Sauih.'- 
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Lithological  ami  Mineral  Composition.  The  durability  of  the  i^iavcis 
in  road  macadam  and  to  some  extent  the  strciiKth  of  cement  mortars  mad'' 
from  them  are  dependent  on  their  pebble  composition.  Analyse^:  of  the 
percentages  of  the  various  rock  types  composing  the  gravels  are  given  in 
Table  III.  The  analy.ses  were  made  on  pebbles  over  J-inch  in  size  ami 
nhow  that  the  gravels  are  remarkably  uniform  in  their  peiible  comp<isition. 
Certain  samples  from  the  Pilot  Butte  deposit,  for  instance,  reseml^le 
gravels  frjm  Lumsden  or  Estevan  as  closelv  as  thev  do  other  saniple-i  from 
the  same  pit.  From  70  to  DO  per  cent  of  the  gravels  are  made  up  of  a 
buff-coloured  limestone  or  dolomite  and  granitic  rocks,  i.e.  granitis. 
diorite.s,  and  their  gneisses.  There  is  some  trap  rock,  schist,  and  shal"  in 
practically  every  .sample  and  quartzite  and  sandstone  are  conimoi!.  .V 
(luantitative  mineral  analysis  was  also  made  of  two  samples  of  the  sand 
under  i-inch,  one  from  Findlatn-  and  the  other  from  Lumsden,  ma])  \i>s.  ! 
and  23.  Here  again  the  resemblance  in  composition  is  remarkalilv  close.  It 
seems  also  that  the  finer  portions  of  the  sands  are  made  up'of  haid'-r 
material-s  than  the  coarsiT.  The  sands  were  separated  on  tlie  vaiioiH 
screens  into  lots  of  .seven  sizes  and  each  lot  determined  separatelv.  Dolo- 
mite or  limestone  forms  40  per  cent  of  the  sand  retained  on  8  mesh,  and 
there  are  small  percentages  of  granite  diorite,  trap,  etc.,  in  tlu,'  coarse  sand, 
but  in  the  .sand  smaller  than  28  mesh,  rock  fragments  are  practicallv  absent 
except  for  a  f'  -v  grains  of  trap  and  dolomite.  Tl  ••  sand  grains  i)assing  the 
48  mesh,  less  tha',  0-012  inches  in  diameter,  arc  .ade  up  of  mineral  rather 
than  rock  fragments,  GO  to  7.")  per  cent  of  which  is  cjuartz,  about  .i  per  cent 
feldspar,  10  to  20  per  cent  mica,  and  .')  to  10  per  cent  hard,  black  mineroU 
like  magnetite  or  hornblende.  Trom  there  down  the  composition  is  about 
the  same.  Quartz  is  present  in  all  the  sizes  and  increases  from  1")  per  cent 
in  the  8  mesh  material  to  GO  per  cent  in  grains  passing  14  and  held  in  xh<- 
28  mesh.  Probably  more  than  half  of  the  material  pas.sing  the  200  me.sh. 
with  diameter  less  than  0-(K).S  inches,  is  made  up  of  dav  and  fine  particles 


of  the  alkahc  crust  found  on  the  Rruvel  pebbles;  the  remainder  resrfmoie-i 
the  slightly  coarser  sand  describe.l  above.  The  dolomite  ami  limestone 
pebbles  found  m  the  gravels  resemble  outcrops  of  Pala-ozoic  limestone- 
and  dolomites  lying  in  a  northwest  trending  belt  some  300  miles  to  the 
n<jrtheast  of  this  district,  and  are  undoubtedly  derived  from  them. 

Table  III.—PMle  Componition  of  the  Gravels. 
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Secondary  Alteration.  Nearly  all  the  gravels  exhibit  the  same  f  itures 
in  regard  to  the  depth  and  character  of  weathering  thev  ave  undergone 
and  the  secondary  crusts  with  which  they  are  coated.  A\  ,o  surface  there 
is  a  layer  of  soil  with  organic  matter  from  G  inches  to  a  i  jt  thick;  below 
that  and  passing  up  into  it  is  a  belt  of  firmly  cemented  gravel  or  sand 
covered  with  a  thick  white  coating  of  lime  carbonate  and  probably  other 
alkali  salts.  The  white  crust  is  abundant  for  a  distance  of  1  to  2  feet  and  was 
observed  down  to  depths  of  9  feet  from  the  surface  in  the  coarser  gravels. 
It  is  thicker  on  the  under  side  of  the  pebbles.  Crusts  of  reddish  brow^n  iron 
oxide  were  seen  from  the  first  few  feet  downwards  to  the  greatest  depths  at 
which  the  gravels  were  exposed:  in  rare  cases,  where  there  is  cluy  over  the 


10 

(jnivol,  the  crust  is  blaik.  Tin-  upper  foot  or  two  of  tlic  (jruvol  tloes  not 
exhibit  the  intenxe  zone  of  weathering  neen  iti  prartieally  all  eastern  gravel 
<leposits. 

Com mcrcinl  Possibilitict. 
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Ciravels  Mild  smihIs  may  be  used  in  road  work  as  macadam  Rravel,  in 
concrete  roail  construction,  or  as  parts  of  the  various  forms  of  bituminous 
surfaces. 

Maaidam.  Macadam  gravels  should  be  durable  and  cement  rapidly 
into  a  hard  impervious  mass  under  the  action  of  traffic.  Their  durability 
is  dependent  partly  on  the  kinds  of  rocks  of  which  they  are  composed  and 
partly  on  their  texture,  that  is,  the  amount  of  coarse  stone  present.  In 
Table  III  on  page  i>  the  kinds  of  rock  of  which  the  gravels  are  composed 
are  arranged  from  left  to  right  in  the  order  of  their  average  durability, 
beginning  with  the  toughest  and  most  resistant.  It  will  be  seen  that  70 
to  90  per  cent  of  the  gravel  over  J  inch  is  composed  of  stone  that  is  neither 
very  soft  nor  very  tough  and  hard.  Several  samples  were  tested  in  the 
abrasion  machine,'  Table  IV,  and  the  results,  expressed  in  per  cent  of  wear, 
indicate  that  the  gravels  can  be  used  economically  as  macadam  gravels 
on  roads  carrying  up  to  300  vehicles  per  day  if  properly  constructed. 
Because  of  the  uniformity  in  pebble  composition  and  degree  of  weathering 
in  the  gravels  these  results  can  be  extended  to  nearly  all  of  the  gravels 
examined. 

This  does  not  mean  that  the  gravels  dug  from  any  of  the  pits  will 
make  satisfactory  road  surfaces,  but  that  if  screened  through  a  J-inch 
screen  and  recombined  in  the  proportions  of  not  less  than  60  per  cent 
gravel  to  40  per  cent  of  sand,  the  material  may  be  expected  to  make  a 
fairly  durable  road  surface.  Most  of  the  gravels  examined  are  very  sandy, 
Table  VI,  and  some  of  the  .sand  should  be  screened  out  if  they  are  to  be 
used  on  main  roads.  Clay  roads  subjected  to  light  traffic  have,  neverthe- 
less, been  greatly  improved  by  the  use  of  sandy  gravel  or  even  coarse, 
hard,  sand,  when  no  better  material  was  available.  From  this  standpoint 
every  one  of  the  larger  deposits  mapped  in  this  area  can  be  considered  a 
valuable  source  of  road  material. 

The  cementing  values  of  all  the  gravels  tested  are  high,  indicating 
that  they  will  bind  rapidly  into  a  firm  road-bed.  The  cementing  value  is 
doubtlessly  affected  by  pebble  composition  and  the  amount  of  crust  present 
on  the  pebbles,  and  since  these  conditions  are  nearly  the  same  for  all  the 
gravels  examined  it  may  be  taken  for  granted  that  they  will  all  bind 
readily  in  a  road-bed. 

The  only  roads  within  this  area  made  of  gravel  are  at  Lumsden 
These  roads  are  made  without  sprinkling  or  rolling.     The  material  seems 
to  bind  rapidly  and  wear  fairly  well  under  light  to  medium  traffic  condi- 
tions. 


^  EoKineers  generally  require  that  broken  stone  that  is  to  be  used  for  macadam  work  should  have  a  peroentaxe 
of  wear  of  not  over  6,  and  if  the  traffic  is  moderately  heavy,  from  lUU  to  300  vehicles  per  day,  not  over  about  3-6. 
Gravel  should  show  a  lower  per  cent  of  wear  in  tho  abrasion  machine  than  broken  stone  of  the  same  road-making 
quality-  A  cementing  value  of  50  is  considered  good,  and  of  100  or  over  excellent.  For  a  discussion  of  labor, 
atory  teats  upon  stone  and  gravel,  the  reader  is  referred  to  Mem.  8,'J,  Geol.  Surv.,  Can.,  pt.  I.  More  detailed 
dcacriptions  of  the  tests  and  discussions  of  the  results  of  tests  are  to  be  found  in  Bulla.  347  and  370.  U.S.  Dept.  Apic, 
Wasli.,  D.C.,  the  latter  by  Prevost  Hubbard  and  F.  U.  Jackson,  jun.,  and  in  an  article  on  "Nonbituminoua  road 
materials"  by  I..  Reinecke.  published  iaEooaomio  Geolocy.  vol.  XIII,  No.  8.  Dec.  1918,  pp.  SS7-St7. 
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Table  IV. — HesuUx  of  Te4'<  I'pon  Gnweh  and  Sniufx. 


Map  No, 


1.  . 

8... 
10... 
17... 
20... 
23... 
44«.. 
'14b.. 
4Sik.. 
4Sa.. 
4Sb.. 
47... 
48..., 
58.... 
W... 
67... 
100... 


Avorujje 
■pecitic 
gravity 


VlTCI-ntUKO  VnirN 


Wear 


2-70 

■>~n 
•2  6- 

2-tW 
2-71 


2  07 
2-70 
2«8 
2'6» 
2-08 
2-67 
2fi9 


l.rKjsc*         ( 'oiiipartpfir 


.14  4 
:)«32 

30  4 
34-' 

;«-7 

.12  A 

:w  li 
29  s 

■MO 
.10  s 
32  0 
32-4 
37-7 

31  4 
34  3 


I      Perccntuge 
1        I       2 


Kromlirmfliciinl 


Comenting 
value 


27-2 

2  01 

■>.i 

1S2 

18  2 

20-1) 

24  0 

2  31 

.4 

17  2 

28 '3 

2«  .■> 

I-,S>' 

1  (H 

22  '' 

38-4 

24  II 

40H 

10 

10  0 

20  4 

30  4 

, 

11)1 

34' 

2-1 

lis 

19  0 

4-21 

2  4 

9 -.5 

10 -3 

21I-7 

23-7 

2  .V 

17 

I.i  9 

22 -S 

2.'):i 

1-5' 

1-3 

20 -.1 

31-7 

24  (1 

4  3' 

20 

9  4 

15  4 

2'.»7 

24  .i 

27-.-> 

3-4» 

19 

110 

20  0 

117 

88 

9:t 

120 
09 
100 


107 
97 
80 

120 


130 


1  Abrasion  test  fnado  on  nmterial  retained  on  }  and  passing  2-ineh  screen,  because  ol  lack  o(  sufficient  ooarsa 
material. 

'  .\brasion  test  nia<le  on  material  retaintnl  on  )  and  passinx  2'inch  screens. 

The  run  on  each  sample  was  repeated  after  washinK,  drying.and  w  '.xhing.  t  ho  results  being  eKpresaeU  in  columns 
1  ami  2. 

'  Wear  on  a  sample  of  20  and  23  combined. 

*  Wear  on  a  sample  of  44a  and  44b  combined. 


Concrete.  The  principal  fiictors  that  affect  the  value  of  saiul  or  gravel 
used  in  concrete  work  are  freedon'  from  impurities,  texture,  and  mineral 
composition,  of  which  the  first  two  are  the  most  important. 

Impurities.  Organic  material  such  as  the  loam  in  the  top  soil,  and 
clay,  especially  in  cases  where  it  sticks  to  the  pebbles,  are  considered 
impurities  in  gravel  aggregates  becpuse  their  presence  in  appreciable 
quantities  in  the  aggregates  tends  to  produce  a  much  weaker  bond  in  the 
concrete  mortar  than  when  clean  gravels  of  the  same  character  are  used. 

Abrams  and  Harder'  have  devised  a  quantitative  chemical  test  for 
measuring  the  amount  of  organic  impurities  present  in  sands.  They 
express  their  results  as  colour  values,  that  is  the  parts  of  tannic,  or  some 
equivalent  organic  acid  present  per  million  of  the  sand  in  weight.  Thsy 
have  found  that  there  is  an  approximate  reduction  of  10  to  20  per  cent 
between  the  compressive  strength  of  a  1  to  3  mortar  made  of  clean  sand, 
colour  value  0,  and  of  a  mortar  from  the  same  sand  with  a  colour  value  of 
250.  A  colour  value  of  500  is  equivalent  xo  a  reduction  of  15  to  30  per 
cent  and  so  on.  All  of  the  seventeen  sands  tested  in  the  laboratory  were 
collected  from  material  lying  below  the  thin  zone  of  surface  soil,  which  is, 
of  course,  full  of  organic  material.  The  sand  from  Estevan  had  a  colour 
value  of  30,  the  fine  silt  from  Pilot  Butte  20,  the  others  ranged  from  0  to 
10.  It  is  evident  that  there  are  no  appreciable  amounts  of  organic  impuri- 
ties in  the  gravels  lying  below  the  soil  belt.  Table  II  will  show  that  the 
amount  of  material  passing  the  200-mesh  screen  is  low,  except  in  the  case 


1  Abramn,  Du£f  A.,  tad  Harder,  Oscar  E..  "Colorimetric  test  for  organic  impuritiea  in  sands" 
Structural  Matttiala  Research  Laboratory,  Lewis  Inst.,  Chicago,  1917. 
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of  till'  >ilts,  iinil  as  onlv  11  portion  of  tlmt  i.s  cliiy  tho  amount  of  cluy  prcHcnt 
in  ttif  coiiiMT  siiiuls  iiii.l  (iriivds  is  too  (*mall  to  -criously  iiffcct  the  strfngtii 
of  th»'  concritr.  Tlw  whiti;  ciirboiiatc  an«i  alkali  rrust  found  <)»  (jiavol 
lyinn  near  the  suifatf  is  a  somco  of  weakness  w  eonerete,  heeause  it  previ-nts 
the  cement  from  setting  on  the  solid  portion  o'"  the  pelibh';  it  woidil  proh- 
ably,  therefore,  he  advisable  to  omit  the  upper  foot  or  two  of  the  deposits 
where  this  crust  is  thiek,  when  eonente  of  hiKh  strencth  is  recpiired. 

Texture.  Modern  praetiee'  recpiires  that  eouenti  am{re«ates  Im- 
separated  into  eoarse  and  fine  annrcKates.  Most  eommonly  the  separation 
is  affected  on  the  J-inch  screen.  In  this  report  the  material  r.tained  on 
and  pas.sinK  a  J-ineh  screen  is  referred  to  as  "  uravel  "  and  "  sand  ' 
respectively.  For  road  '  pavement  construction  tlr  gnivel  and  sand 
are  rcHonibinecl  in  proportions  which  vary  from  1  <if  sand  >  2  of  (jravel, 
to  2  of  sand  to  3  of  (travel.  Concrete  roads  have,  however,  l-een  built  with 
3  parts  of  sand  to  4  of  uravel.  The  results  of  tmalyses  shown  by  iiuiiibers 
on  the  map  of  the  deposit  ftt  Pilot  Butte  (Fiuure  2)  and  given  in  Table  \  I  for 
the  whole  area,  indicate  that  less  than  30  per  cent  of  the  larger  deposits 
are  over  i  inch  in  size.  This  means  that  the  exploitation  of  the  <hposits 
for  c.mcrete  road  work  will  involve  the  pnuluction  of  an  excess  of  sand. 

Tho  textures  of  the  sands  under  \  inch,  however,  lie  in  nearly  all  cases 
between  limits  that  are  cimsidered  favourable  for  the  production  of  stntnr 
mortars.  The  committee  on  concreti',  of  the  American  Society  for  Testing 
Materials,'  recommends  that  not  over  30  per  cent  of  thi'  line  anKrenate  fdiall 
pass  a  sieve  having  oi,  meshes  (pn ctically  etpiivalent  to  48  nush  in  our 
analyses)  and  not  more  than  5  per  cent  pass  a  sieve  havint?  KM)  meshes  to 
the  linear  inch.  TaWes  II  and  VI  show  '  hat  all  of  the  sands  conform  to  these 
.ipecifications.  The  silt,  No.  45e  (See  i)lan  and  profile  of  Figure  2)  can  be 
easily  distiiiKuishtd  from  the  sands  and  gravels  and  is  not  referred  to  as 
"  sand  "  in  tliis  discussion.  Jackson'  has  made  a  ser..  s  of  experiments  in 
which  ii  sand  composed  n«arly  wholly  of  ipiartz  grains  was  artificially 
graded  into  the  portions  passing  one  sieve  and  retained  on  the  nvxt  smaller 
of  the  following  series  of  sieves:  {  inch,  10  mesh,  20  mesh,  30  mesh,  40  mesh, 
no  mesh,  and  the  portion  passing  50  mesh.  These  were  n-eombined  in  sixty 
different  combinations  and  the  compressive  and  tensiie  strengths  of  I  to  2} 
cement  mortars  made  with  them  were  t(>sted  at  the  end  of  seven  days.  The 
writer  has  plotted  a  part  of  the  results  of  Jackson's  work  on  Figure  I .  The 
curves,  Nos.  1  and  4,  on  the  extreme  left  and  right  of  Figun-  1  enclose  a 
zone  within  which  lie  tlie  curves  for  all  the  combinations  used  by  Jacksim. 
The  sands  whose  curves  of  texture  lie  in  tlie  zone  enclosed  between  curves 
Nos.  1  and  3  form  mortars  whose  compressive  strengths  lay  with  (iO  per 
cent  of  the  maximum  strength  obtained  from  the  series.  Those  lying  to 
the  right  of  this  zone  or  only  pivtly  within  it  gave  lower  compressive 
strength  results.  . 

If  the  sixteen  sands  from  the  Uegina  district  whose  textures  were 
analysed  in  the  laboratory  l)e  plotted  in  this.<liagiani  it  will  be  found  that 
the  greater  number  of  them  fall  within  this  zone.     Those  not  wholly  within 

?  Cimcrrto  R.M.I  Inslit"'-,  I'lH'.     A»««-   ..t  r.,ilkn.l  renie.it 


'  "CToncrt-ie  rnuti  p(,t.^-ificfttioiiP.  adopted  by  t! 
Munufacturers,  Phil.,  I'u.  ,      ■  ,         ,         .  .   • 

'  'Kinul  repirt  ot  the  joint  (■omnnltw!  on  concrete  un.l  reuilorciil  romr.   . 

'jackai'in    1-  'li  Tjun  .  ■Inllui'nTO  of  gradine  on  the  value  of  fine  iignronat 
ronstnictum":   Jour  o(  Agric.  Ki-nearch.  vol    X.  \u.  .1,  July  311.  lalT,  pp.  2M-.;,4 
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the  zciiu-  li.'  U'HH  than  J  jmt  ct-nt  oufsi.l..  if,  ..xcpt  Kampli-  I.Ja,  w hicli  inrlii<l<>8 
inort-  ponriM)  hhihI  than  the  pombinationM  toHtod  by  Jackson,  Th«>  curvea 
of  the  Hnndu  tosti-d  from  Heicina  would  ^how  to  even  In-Uer  advantaK-  in 
zoni's  drawn  in  the  xamo  way  for  tciwilf  strength. 

Mortar  Tcstn.  In  Tahje  V  the  results  are  given  of  tests  upon  mortars 
nm<le  with  the  various  sands  and  Portland  pi>ment.     The  mortars  w-  n. 
mixed  III  the  proportion  of  3  <.f  sand  to  1  of  eement  with  distilled  water- 
they  were  moulded  into  rylinders  and  hriiiuettes  in  the  standard  way  an«i 
broken  in  standard  compressive  and  tensile  strength  machines  at  the  end 
of  seven  and  twenty-eight  day  periods.     Mortars  made  of  standard  Ottawa 
sand  and  cement  in  the  same  proportions  were  moulded  with  each  batch 
and  broken  at  the  same  time.     The  results  are  expressed  in  percentages  of 
the  strengths  of  the  san«ls  tested,  to  that  of  the  corresponding  standard 
sand.     The  strength  of  the  standard  sand  varied,  the  average  being- 
compressive  strength  1,118  pounds  per  square  inch  at  7  days,  1,602  at  28 
days;  tensile  strength  2tK)  pounds  per  square  inch  at  7  days,  321  at  28  days 
The  .yxteen  sands  tested  meet  the  requirement.s  that  they  shall  have 
comnressive  and  tensile  strengths  at  the  end  of  seven  days  at  least  equal 
to  the  compressive  and  tensile  strengths  of  1  to  3  mortars  of  the  same 
consistency  made  of  the  same  cement  and  standard  Ottawa  sand'.     All  of 
the  «ands  showed  greater  strengths  at  twenty-eipht  days  than  at  seven 
although  the  percentages  of  their  strengths  relativo  to  the  standard  sand 
were  m  some  cases  less.     The  silt  No.  45e  does  not  meet  these  requirements 
The  results  shown  m  Table  V  vary  greatly,  however.    These  variations 
are  due  m  part  to  vanations  in  the  strength  of  the  standard  sand  from  day 
♦o  ""ly  and  are  not  believed  to  be  a  fair  measure  of  the  relat'vo  values  of 
the  sands  in  practical  concrete  work.    There  can  be  no  queston,  However 
that  the  silts,  with  fineness  factors  of  from  20  to  50,  will  not  make  sp*' 
factory  cement  mortars  and  sands  with  a  fineness  factor  of  less  than  luO 
or  more  than  300  should  be  tested  before  being  used  in  importui.t  work. 

Table  V.—ResuUs  of  Testa  on  Sand  Mortarn. 


Per  cent  ot  itrength  relative  to  that  of  atandard  OtUwa  aand 

Mdp  No. 

CompreBgivo  strength 

Tensile  strength 

Finencaa  factor 

7  days 

28  dayi 

7  days 

28  days 

• 

1 

8 

10 

I-b... 

20 

23 

«a 

Ub... 

45a 

45e 

45h 

47b 

48b.. 

58 

83 

67 

100'...   . 

101 
176 
136 
145 
119 
147 
164 
130 
101 
49 
153 
143 
IM 
165 
1.39 
145 
101 

65 
138 

98 
180 
129 
162 
217 
169 
100 

75 
16.5 
211 
159 
134 
154 
161 
103 

153 
143 
156 
114 
124 
181 
127 
105 
106 
48 
114 
118 
166 
145 
UA 
104 
122 

131 
134 
118 
107 
111 
186 
122 
92 
86 
,53 
111 
1?0 
15V 
115 
130 
100 
122 

298 
251 
237 
223 
243 
290 
150 
192 
279 
24 
189 
217 
218 
270 
257 
188 

220 

'  Sample  from  Force  itrtet,  «ut  of  Eateru,  Hi  milj«  .outtwiut  o(  Itegiu. 
'  Proc.  Am.  ,Soc.  Test.  Mater.,  vol.  XVII,  pt.  I,  p.  2I». 
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Bituminous  HiMiiis.  SiiiuN  ami  kmiv<Is  arr  usrd  a>  pari  uf  tin-  uKKn-Kute 
in  rnrtain  kind.^  of  hitiiiiiiiiDUM  rmtil  ^uit. «'«■«.  Tlic  rt'niai!;r<  ap|ili<-(l  to  tlii' 
vitluc  uf  thcN<>  k>°iivi>Ih  wlu>n  unimI  in  wiitciWoiiiut  macatlaiii  wnuM  hold 
aUo  for  n  Kriivcl  roail  lioiind  with  lutuiiicn.  Imt  in  the  latter  instance  it 
would  Ih-  much  more  itnpor'ant,  litiau-"!'  uf  (hr  increaKi'd  cD^t  of  the  mad, 
to  Mcrccn  out  (he  exei'ss  of  saml  anil  n^e  a  properly  sized  aKKreiiate,  and  the 
ulknii  rriist  would  he  a  detrintetil  to  the  Mtlid  hindinx  of  the  n>:id  rather 
than  an  advuntaite,  as  in  waterhoiind  niaeadain. 

Han<l  la  u^-ed  in  the  wearing  course  of  .sheet  asphalt  surface.-  and  the 
latest  rerommendat ions'  require  tliat  12  to  4')  per  rent  of  the  sand  pass 
the  II)  and  he  retaine<i  on  the  -tl)  inesh  and  20  to  40  pass  thn  HO  and  he 
rttaincil  on  the  200  iii  <h.  Thus  only  the  finer  minds  or  the  finer  portions 
of  the  depo.-jits  would  dO  siiitahle  for  use  in  sheet  asphalt  work.  The  hner 
parts  of  the  deposits  since  they  contain  GO  to  70  p<'r  cent  of  (piarfz  (page 
8)  ".juid,  however,  he  much  more  durnl)le  than  the  uravei  poriion.s 
tested  in  Tahle  IV. 

Development  mill  Cliliiitlion. 

Large  sheets  of  gravel  and  sand  have  heen  work«'d  near  Rei'vyle  station 
on  the  Canadian  National  railways,  and  at  Pilot  Hutte,  Lumsden,  Disley, 
and  Findlater.  A  large  part  of  this  was  sold  in  Regina  and  u.sed  in  the 
construction  of  concrete  street  foundations,  sidewalks,  and  buildings. 
A  large  amount  wa.s  also  develojx'd  and  used  for  railway  ballast.  Gravel 
sold  at  about  12.25  per  yard,  furnished  at  tin;  work,  in  Kegina,  in  1913 
and  1914.  Large  deposits,  practically  undeveloped,  arc  found  at  the 
Ruthenian  settlement  of  Ra.stadt  north  of  I-ajord,  in  an  old  valley  course 
west  of  Buffalo  Pound  lake  just  north  of  Rocky  lake,  and  another  3  or  4 
miles  tothenorthcast  of  the  la.-t,  west  of  High  Hill  creek,  and  just  across 
the  Qu'Appelle  valley  from  DisK  y.  The  amounts  available  from  the  larger 
deposits,  except  that  at  Renvyle,  are  of  the  order  of  1,000,000  cubic  yards. 
Besides  the  large  deposits  there  are  numerous  small  pockets  of  gravel  and 
sand  in  the  hilly  belt  northeast  of  Regina,  ahmg  some  of  the  larger  creek 
valleys,  and  in  the  isolated  hills  southwest  of  Condie.  The.se  have  been 
developed  in  a  small  way  and  used  locally  .m  the  farms  for  concrete  work 
in  barn  and  house  foundations  and  floors,  a  i  the  fine  sand  for  making 
lime  mortar. 


*  ''Procreu  refwrt  of  the  ifptH^ial  roiniiiUtiN*  on  nmlerLiU  for  nutit  cntLttrurtiuR  and  on  4t;intl:tril:«  for  their  ttMt 
and  ttae";  Am.  Soc.  Civ.  Knf .,  Now  York.  Jan.  I'J17.  p   Itiiy. 
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Details  oj  Development  of  the  Sands  and  Gravels. 

Explanation.  The  number  at  the  beginning  of  each  paragraph  is  the 
map  number.  Location  is  given  by  township,  range,  and  section,  west  of 
2nd  meridian.  Amounts  excavated  and  available  are  obtained  as  follows: 
horizontal  dimensions  by  compass  and  pace  traverses,  vertical  depths  by 
measurement.  Where  the  uses  to  which  the  gravel  and  sand  are  put  have 
not  been  mentioned  these  materials  have  in  nine  cases  out  of  ten  been  used 
for  concrete  and  plaster  work  in  houses  and  barns.  Abbreviations: 
tp. — township;  sec. — section;  C.N.R. — Canadian  National  railways; 
C.P.R.— Canadian  Pacific  railwav;  G.T.P.— Grand  Trunk  Pacific  railway. 


\    r 


I'"'  -I  Boundaries  of  gravel  areas 

I  A   I  C ravel  pits 

I   g  I  Numbers  corresponding  to 
those  on  map  or  district 


those  on  map  of 
I  mile 


Geological  Survey,  Canada 


Figure  3.  Gravel  depo  .>•  .  t  Findlater. 

No3. 1, 2, 3.  Tp.  2\,  range  25,  sees.  21, 22, 15.  Owners:  Margaret  Mac  han,  Finuluier; 
Regina  Gravel  Supply  Co.;  Mrs.  Fetterley,  Spring  Hill,  Man.  About  12,000  cu.  yds. 
excavated,  1,000,000  to  2,000,000  cu.  yds.  available.  Covers  about  160  acres,  7  to  12 
feet  deep  in  pits.  Sold  in  Regina  at  $2.15  per  cu.  yd.  unscreened  and  $.3  screened.  I  sed 
for  concrete  street  foundations  and  iu  buildings. 

No.  4.  Tp.  21,  range  2.5,  sees.  15,  16.  Owners:  C.N.R.  and  Mrs.  Fetterley,  6prmg 
Hill,  Man.  About  330,000  cu.  yds.  excavated,  perhaps  300,000  cu.  yds.  available. 
Used  for  railway  ballast.  _.  .     .        . 

No.  5.  Tp.  18,  range  24,  sees.  6,  7,  8,  9,  32,  33.  The  mam  deposit  to  east  appears  to 
end  near  No.  5,  to  west  the  deposits  are  small. 

No.  6.  Tp.  18,  range  24,  sees.  24,  35,  36.  Owners:  G.  M.  Reid;  Lowry  and  Bontley; 
I.  W.  Bock.  Pit  small.  In  east  half  of  sec.  35  there  may  be  500,000  to  1,000,000  cu.  yds. 
The  gravel  at  this  place  looks  promising,  shoiiUl  be  prospected. 

No.  7.  To.  18,  range  23,  sec.  31 ;  tp.  18,  range  24,  sec.  36.  Owner:  Mrs.  Thompson, 
R.R.I.,  Keystone.  Covers  160  acres;  2.50  cu.  yds.  excavated,  large  amount  available. 
Matenal  appears  verj*  sandy. 
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Xo.  8.  Tp.  19,  ningo  '^3,  spo.  4;  tp.  IS,  range  23,  sees.  31,  32.  Turt  owners:  J. 
IrviiiK,  J.  S.  and  Ci.  M.  Hoid,  U.K. I.,  Keystone.  About  1,000  cu.  yda.  excavated,  laay  be 
500,(XK)  cu.  yds.  available. 

Xo. ".».  Tp.  18,  range  23,  sees.  21,  22,  2S.  Amount  excavated,  250  cu.  yds.  Gravel 
4  feet  deep  at  pit. 

Xo.  10.  Tp.  18,  range  23,  sees.  10,  15.  About  3,.')00  cu.  yds.  excavated.  Depth  at 
pit,  3  to  ".»  feet.     Covers  70  acres. 

X(i.  U.  Tp.  19,  range  23,  sees.  15,  1().  Owner:  Mark  TurnbuU,  Disley.  Amount 
excavated,  50  eu.  yds.,  amount  available,  small.     ISandy. 

\o.  12.     Tp.  19,  range  23,  sec.  13.     Amoimt  excavated,  900  cu.  yds.     (.See  Xo.  14.) 

No.  13.  Tp.  19,  range  23,  sec.  12.  Owner:  John  Cairnea,  U.K. I.,  Keystone.  Amount 
excavated,  200  cu.  yds.     (See  Xo.  14.) 

Xo.  14.  Tj).  19,  range  23,  sec.  12.  Owner:  Harry  Creasy,  Dislev.  Amount  exca- 
vated, 375  cu.  yds.  .Vrea  includes  12,  13,  14,  with  gravel  over  6  feet  ileep  in  pits,  gravel 
shows  on  surface  in  higher  points.     Large  amount  available. 

Xos.  15,  It).  Tp.  19,  range  22,  sec.  19.  Owner:  Wni.  T.  Ashe,  Disley.  Amount 
excavated,  2,7.")0  cu.  yds.     (See  Xo.  17.) 

Xo.  17.  Tp.  19,  range  22,  sec.  30.  Owner:  U.  T.  Leckie,  305  Xorthern  Bank  build- 
ing, Hegina.  About  45,000  cu.  yds.  excavated.  Deposit,  including  15,  IC,  17,  18,  is  6 
to  9  fe(a  <leep  along  edges,  12  to  IS  feet  for  long  distances  near  middle.  It  covers  over  200 
acres  and  contains  several  million  cubic  yards.  Xo.  17  is  connected  by  a  spur  to  the 
C.X.K.  It  lies  on  crest  of  Qu'Appelle  valley.  Used  for  concrete  work  in  Kegina  and 
elsewhere. 

\().  IS.  Tp.  19,  range  22,  .sec.  29.  Owners:  H.  and  T.  Campbell,  Disley,  and  R.  .1. 
Lccki<',  Hegina.  About  100,000  cu.  yds.  excavated.  Part  of  the  deposit  which  includes 
I)it  17.     In  sec.  29  the  deposit  is  nearly  exhausted. 

Xo.  19  Tp.  19,  range  22,  sec.  29.  School  property.  Five  pits,  total  yardage 
cxcavatetl,  6,500.  Covers  about  15  acres  6  to  9  feet  deep,  in  olaces  irregidar  at  east  end, 
l.")0,0!)0  to  200,01)0  cu.  vds.  available.    Few  cubic  yards  in  dtposit  in  sec.  30  to  east. 

Xos.  20,21.  Tp."l9,  range21,secs.  32,  31.  About  14,000  cu.  yds.  excavated  from 
pit  in  see.  31.  Owner:  Chas.  Mann,  L'lmsden.  Deposit  3  to  15  feet  deep,  and  v  ble. 
About  20,000  cu.  yds.  excavated  from  pits  in  sec.  32.  Owner:  W.  McCalnion,  Lui.:- Icn. 
Dei)osit  9  to  15  feet  deep.     (S  e  Xo.  23.) 

Xo.  22.  Tp.  19,  range  21,  sec.  .32.  Owner:  John  Metcalf,  Lumsden.  Two  pits, 
14,000  cu.  yds.  excavated,  depi  1. 15  feet  deep  here.     (See  Xo.  23.) 

Xo.  23.  Tp.  19,  range  21,  sec.  32.  Owner:  W.  B.  Watkins,  Lumsden.  Amount 
excavated,  93,000  cu.  yds.  The  deposit,  including  Nos.  20,  21,  22,  23,  is  from  2  to  6 
yards  deep  in  sees.  32,  31.  At  the  ends  and  edges  the  floor  is  hummocky.  If  the  average 
ilepth  is  considered  to  be  3  yardn  there  is  about  1,500,000  cu.  yds.  avaUable  west  of  sec. 
3:1.  This  fleposit  lies  en  the  crest  of  the  north  wall  of  the  Qu'Appf^lIe  valley,  200  feet 
above  tlie  C.X.U.  track  at  Lumsden  and  1  mile  from  it.  Used  in  Hegina  for  concrete  street 
foundations,  sidewalks,  buildings,  etc.,  and  in  Lumsden  for  gravel  macadam.  In  Lumsden, 
the  gravel  is  spread  on  streets  out  not  rolled,  patching  is  done  every  year.  It  appears  to 
bind  readily  and  wear  fairly  well. 

Xo.  24.  Tp.  19,  range  21,  sec.  33.  Four  pits  lie  on  hill  slope  below  Xo.  23.  The, 
gravel  is  pocketv  and  exhausted  in  most  places. 

Xo.  25.  T'p.  20,  range  21,  sec.  14.  '^mall  pit,  gravel  used  in  Craven  for  concrete. 
Tl:i.--  is  a  small  pocket  in  boulder  clay,  liigh  on  .sh)pe  of  valley.  Tp.  20,  range  21,  sec.  11. 
Three  pits.  8,500  cu.  yds.  (■xcavat('(l,  gravel  in  three  knolls  ne.ar  farmhouse  and  valley 
bottoin.  Tp.  20,  range  21,  sec.  1.  .Small  pit  and  very  small  dei)osit  in  boulder  clay, 
ditlicult  of  access. 

Xo.  26.  Tj).  19,  range  21,  sec.  7,  on  east  slope  of  Wxskana  creek.  Two  small  pits, 
about  .500  cu.  yds.  excavated.  Overburde  i  of  3  to  5  feet  of  silt  in  larger  pit  on  west  side, 
deposit  small.  Sec.  7  on  west  crest  W  askana  crock.  Owner:  Alex.  MclOwen,  Lumsden. 
Two  small  pit.1,  may  be  2,000  c\i.  yds.  available.  Used  in  building  concrete  foundations. 
In  SK.  1  sec.  7  there  is  a  gravelly  knoll  with  a  test  pit.  In  .sec.  7,  tp.  19,  range  22,  there  is 
a  small  excavation  on  west  slope  of  creek  in  shallow  deiwsit  of  no  importance. 

Xo.  27.  Tj).  IS,  range  22,  sei'.  14.  Owner:  \V.  T.  Cibbs,  Lum.sden.  About  300 
cu.  yds.  excavated  and  3,0(10  available.  Used  in  concrete  founilations  and  floors.  Small 
pits  in  sees.  3()  and  25  in  two  small  depo.-<its 

X'o.  2S.  Tp.  17,  range  22,  sec.  2(").  Large  ileposit  of  fine  sand  .south  of  track,  said  to 
be  gravel  north  of  railway.     In  sec.  24  two  old  pits  im  banks  of  nei'k,  practically  <>xhaustcil. 

Xo.  29.  T|).  19,  range  21,  sec.  23  Two  pits  north  of  road  east  slope  of  Boggy  creek. 
.\mount  excivatcd,  3.V)  eu.  yds.;  .aniount  .'ivailable,  5,000  to  lO.OO*)  cu.  yds.  'Across 
gully  to  south  is  anotlier  dejHjsit  of  alioiii  4.(KM)  cu.  yds,  .Mild   a   small  one  to  the  east.     In 
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wc.  1 1  ;ibi)iil    t,(KM)  111.  y.ls.  lii's  (111  >li)|ir  .iliiiiil    KMI  Irci  mIiiVi- ami    la^l    nl   Hutny   nrirk; 
tiiUiliiiK  wuulil  \>c  ilitlli'ult. 

No.  .'JO.  T|>.  l".t,  r:iiiK<' 21,  •*i"i'.  14.  Simill  ixraviiliim  cast  of  ircik.  univil  ixliaiiNti'd. 
WcKt  of  crcrk  iicxi  lo  railwiiy,  pit  of  ahoiit  I'ii.CKM)  ru.  yds.  ( Iravcl  :10  to  I.")  fi'it  ilrc]) 
under  I)  to  lo  iVrt  of  Ixmldcr  ilay.      Difliciilt  to  icarli  l)y  waKoii. 

No.  :U.  'l'|i  \U.  raiisfi'  Jl,  scr.  II.  Small  iiorkc't  on  west  bank  of  click.  jMaitlrally 
cxhiUlstcil. 

No.  :!2  Tp  l!t  laiiKc  -'0,  -o'l-  11.  Owner:  Hobcil,  Tabcr.  Condic  .\nioiint  cxca- 
viitod.  1, :!.")()  .11.  vd-  Covcicd  bv  I  to  :(  feet  of  boulder  cl.iv.  Iscd  in  roni-fctc  work 
locally. 

No.  -V-i.  'I'p  Is.  iaii(j''  -'••  ^''i-s  ;{|,  '-12.  on  ^mitli  w.ill  .reck  valley  t)wiitT<:  Clia.s. 
and  10.  Culliiin,  Con.lie.  .Vboiit  2()i)  cii  yd-,  excavated,  J  to  4  feet  of  boulder  clay  over 
ia~fern  depo-if.     .Viuoiiiit  .available  small 

No.  :U  Tp  Is.  ramie  Jl.  sec, '.'li  Lies  ill  rounded  bill.  Two  piis;  _>,.V)0  en.  yds. 
excavated,  about  ."iDD.DDO  cii.  yd-  available,  e-iimatcd  from  siirf.ace  indications.  Deposit 
in  sec.  '2''i  about  4.0IM)  cii.  yds.  In  sec  T^  i-  small  pit  and  if  (jr.ivcl  considereil  .">  yds 
deep,  there  i-  about    ID.DIMi  rn.  yds    .iv.iilabjiv 

No.  :i.'i.  Tp.  IS.  ranirc  Jit.  sec.  HI.  Owner;  lioberl  Condie,  Coiidie  Three  [lits; 
lolal  amoun;  excavated  about  1I,0()<)  en.  yds,,  very  little  material  of  gravel  i-ize,  ovi'i'  i 
iiii'li,  available.      In  -ec.  Jl)  there  is  a  small  -and  dejio-it, 

Nos,  M>.  :'u.  Tp.  is,  raiitce  Jl,  sec,  U.  Owner:  Ivorne  lieilly,  lieuin.i.  Two  pits 
on  north  bank  lacek;  amoniit  excivaled,  JOO  cii,  yd- .  ainoniit  available,  small,  liiinldcr 
clay  overl)iirilen.  H  to  4  feet,  I  )ii  north  bank  larger  pit-  with  heavy  ovi  rimrden  to  -Hiiih 
.and  west.      I'sed  loc.illv  for  concrete  work. 

No,  ;{S,  Tp,  17.  range  JO.  sec.  :il.  south  bank  of  creek.  .Vmoiint  excavaleij,  1,701) 
cu.  yd-,,  at  ea-i  pit;  remainder  Largely  covered  by  cl.iy  overburden.  The  we-lerii 
deposit  is  on  we-l  bank  of  creek  and  \'ery  .-mall. 

.\o.  :!'.»  'I'p.  I'.',  range  l(t,  sec.  :!.  .Vmoiint  excavated,  I. "lO  cii.  yds  ,  amount  of  gravel 
si/.e,  probably  small  .Vreas  in  sec.  14  and  ill  t|i,  IS,  range  lit,  sec.  I!.'),  sketched  from  surface 
iiidicalions. 

No.  40.  Ti).  Is.  range  is,  -ei  s.  iiO.  Ill,  and  tp.  IS,  range  111,  sec.  Jl.  There  are  small 
pits  in  the  ro.nl  and  ridges  of  sand  :>  to  1  feet  higli  on  both  sides  of  road. 

No.  41.     Tp.  is,  range  l!l.  sic.  U.     Owner:    Malcolm  King,  I'ihit  Untie.     Two  pits 
near  house.     ,\Mioiint  excavated.   l.'i.OOO   to  JO.OOO   cm    yds      ( iravel   lies  in  rounded  hill 
about  60  feet  over  creek  bed  lo  north.     .Vnionnt  in  hill  iinccrtaiu  because  of  occurrence    •'' 
clay  with  gravel,  but  probably  large.     About  half  an  acre  of  gravel  near  creek  bottom  t 
north.     Two  small  pits  .south  of  farm  buihliiigs,  covered  with  heavy  overburden  to  .-■;,illi. 

No.  42.  Tp.  IS,  range  IS,  see.  7.  Owner:  city  of  l{cgiiia.  .\bout  :{.:!00  cu.  yds. 
excavated,  smaller  pit  across  hill  to  west.     (See  N'o.  4S.  i 

No.  43.  Tp.  IS,  range  IS,  see.  ti.  Three  i)its,  largest  about  I.JOO  cu.  yds.  Thre.' 
small  pits  one-half  mih-  .south.     (See  No.  4S.i 

Nos.  41.  4.").  Tp.  IS,  range  18,  sees.  7  and  S.  Portion  in  sec.  7,  city  of  Hegina,  and  in 
sec.  S,  (i.T.r.  .Vpproximate  amount  excavated  at  pit  44  is  27'),0(M)  (  u.  yds.,  at  pit  4.">, 
200,000  111.  yds.  Depth  of  jiils,  7  to  2.")  and  .")  lo  20  feet,  respectively,  floors  in  gravel. 
Spur  from  (l.TI*.  into  both  pits.  Ij.sed  for  railway  ballast  and  in  llegina  for  concrete 
street  foundations,  buildings,  etc.  fSee  Xo.  4S  )  .Vreas  south  of  Boggy  creek  to  north 
in  see.  S.  and  in  sec  7  east  of  main  deiKisit  relativelv  .small. 

No.  4(i.  Tp.  IS.  range  IS,  sec.  S.  Owner:  (;.T.P.  Amount  exoavated,  .Vl.OOO 
eu.  yds.     Small  pils  just  north  and  on  -oiilh  sloi>e  HoggV'  creek.     (See  No.  4S.j 

">''>.  47.  Tp.  IS,  range  IS,  sec.  .'i  Owners:  Whitworth  Bros.,  llegina.  Three  pit.s; 
amount  excavated  in  main  pit  .about  70,000  cu.  vds.,  in  east  pit  \,'A)0.  amount  availaWe 
to  northwest,  large  (See  No.  4S).  Pit,  ;iO  to  4.")  feet  deep  in  places,  sand  said  to  extend  15 
feet  farther  down,  water  stands  at  47  feet  from  surface.  Excavated  with  small  bucket 
chain  and  engine,  spur  from  C'.P.U.  at  Pilot  Butte.  Sold  at  (iO  cents  per  lai.  yd.  fob. 
pit,  in  large  lots.  I'sed  in  Uegma  for  concrete  street  foundations,  sidewalks,  and  a  number 
of  large  buildings. 

No.  4S.  Tp.  IS,  range  IS, , -CCS  .-land  4.  Owner:  CPU.  .Uxiut  1,I)(H),000  cu  yds. 
excavated.  Small  opeiiirigs  south  of  main  pit .  Sjinr  from  C.P.K.  at  I'ilot  Butte.  I'sed 
for  railway  ballast  and  concrete.  The  deposit  .which  includes  number-  42.  4:),  44,  4.").  lb. 
47,  48,  and  .'lO.  see  Pigure  J,  covers  approximately  SOO  acres.  The  floor  of  the  gravel  and 
sand  deposit  is  not  exposed  in  many  place-.  The  gravel  is  ovir  4.j  feet  dei  p  in  parts  of 
the   pits   at    No.   47  and  averages  over  12  !'•■  i   .at  least  near  Nos,  44  and  4.").     There  are 
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Zi  inV«Hu'V«''Tie''!iTc^"'°^«^^^  Two  pits;  55,000 

and  65b^J';:.u'™al'i    amount  avaUable,   largo.     Material,  «und.    Hpur  from 

'^•^•L"W  ""tf  "n  "rangcPis,  sec.  32.    Owner:  Mr..  Bctteri.lgo,  Pilot  Batto     Amount 

excava?o.f  20,SKi  cu  yd"^   Pa^t  of  large  deposit.    Sold  for  cncr-te  and  n.ouldmg  sand. 

In  sec  33   1  240cu.  yds.  excavated  at  southeast  end  of  large  area. 

\o   51      To    17   range  18,  sec.  33.    Owner:   Morley  Millet,  Pitot  Butte  (formerly 
A^    Pilot  fVntt^  S'lnd  Co        Amount  excavated,  180.000  eu.  yds.,  north  of  village. 

mvned  by  I'''^*  1*"^'* '^.■.'"    rh^lnterMean  Pressed  Brick  Co.  northeast  of  railway  station, 

abSutTslK^  cu   yds'exclvated     l^^^  o^-">J  "-  ^^^^    f"'^f^ 

sand  pft  tl!7ast"-  ¥wo  .mail  gravel  pits  on  butte  to  north.  Large  amount  of  sand  avail- 
able ij'^this  neighbourhocKl^  ^^^  ^^^  ^     ^^  ^^^  ^^^.^  ^^^^  ^^  ^^„j  ^„j  ^^,.,,  j„  p^^^eta 

on  srmill  boulder  clay  hiUs^  32.     Amount  excavated,  8,.50O   cu.  yd«.    Deposit 

covert  16  acres  6to  9  f^t^deep  at  road,  gravel  shows  up  in  little  hummocfcs  on  plam  to 
Bouth^of  pH.  ^^^  ^^^  ^^^^^  j^  ^^^  26;  tp.  17,  range  17,  sec.  30.  Five  very  small,  unim- 
porta^t  areas,  largest  - -"Jh  Ime  of  sec^SO.^^  ^^^^  ^^^  ^p  ^^^^ 

deposit  i.^egullr'^indepthl,  southeast.    Small  area  at  farmhouse  farther  southea«t^ 

Xo   50     Tp    17,  range  17,  sec.  10.    Amount  excavated,  300  feet  m  road.    To  the 
east  the  ar^as  are  smalland  f^^^^^^i^^^r^f.^L^^^^^^^^^  5  feet  deep  at  northwest 

*"*^No  58  Td  18  range  17,  sec.  35.  About  100,000  cu.  yds. .  excavated,  probably 
more  t?;an  haU  of  wholfdepisi't.    Some  gravel  available  east  of  pit.    Used  for  radway 

^""^No  59  Tp  19,  range  17,  sees.  28  and  22.  Two  pits  in  sec.  28,  50  <:u.y^ 
excavated  in  nW.  i  sec  22^  oWner:  A.  Martin,  Edenwold.  AU  depos.te  small.  Csed 
for  concrete  foundations  on  fann  ^^^_    ^^^^  g^^^_  Edenwold.    Amount 

excavated!600eu.yc(s.[^ount' avaUable,  30,000  to  50,000  cu.  yds.    I'=al  concrete 

'^"'"no.  61.  Tp.  19,  range  17,  sec.  22-^  O^er  Chas.  JTnkler,  Edenwold  ^otmt 
excavated  350  cu.  yds.,  amount  available,  50,000  to  100,000  cu.  yds.  ^»' =°"?|^!° 
cSSon  In  sec.  23  sand  pit  at  end  of  narrow  ridge.  Owner:  John  Brandt  Lden- 
woTd     Used  tor  concrete  and  budding  sand.    In  road  aUowance  there  is  a  smaU  pit  and 

'^^^''no  62  Tp  19,  range  16.  sec.  21.  Owners:  Northwestern  Land  Co.,  Regina. 
Three,veg  -fe",  J^«^^^^^^^^^  or  four  small  pits,  several  thousand 

cu.yds.availabre.  ^^aef  b^l^  for  concretew.^k^^  Avonhurst.    About  1,000 

cu.  >^s.e^cavat^d  in'two  pit.,  io,OpO  cu.  yds.  avaU^b^  3  to  4  f  eet  of^  silt  o^^^^ 
over  eravel     Used  for  building  sand  and  concrete.    In  sec.  14,  200  cu.  yaros  excavaiea  on 
?a™  Sjohn  Lieb  sold  at  15  to  20  cents  per  load  and  used  locaUy  for  concrete  work.    Area 
near  road  east  of  sec.  14,  lies  in  20-foot  hill  and  covers  1 J  acres. 

So    65     Tp.    19,   range   17,   sec.   3.    Amount  excavated,   600   cu.  yds.,  amount 

^^^"i^o'^^'e^^'Tr^^K:  '4'^Vbo«t  5,000  cu.  yds.  m  round  hill  on  farm  of 
W^Ket  Sec'  34''  Ow'ner:  Louis  Galon«,fskie  Balgonie.  Partly  on,|^«>ol  ground 
Amount  excavated,  225  cu.  yds.,  amount  available,  20,000  cu.  yds.  Lsed  locauy  :or 
concrete.  range  17,  sec.  27.  '  Owner:   province  of  Saskatchewan.    Five  pits 

aggre^ati^gWOcu.  yds  Pockets  01  small  extent  in  ridge  15  to  25  feet  h.gh.  Extends  m 
sef ''6     Owner-    P.  Galonzofskie.    Used  in  concrete  work  on  farm  buildings  of  W. 

''°"'I^r68"tp^^rantSi?,fec'3t'owner:  K.  Schmidt,  Mgonie  Amount  exc.- 
vated  225  cu.  y§s.,  used  in  buUding  farmhouse,  small  amount  left.  Small  pit  to  south  on 
farm  of  A.  Rumpel  and  small  ridges  extending  into  sec.  29. 
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No.  69.  Tp.  18,  range  10,  bcc.  33.  Owner:  L.  OulonzofHkio,  Bulgonie  .Vniount 
excavated,  450  cii.  yds.,  covers  V  acres  in  little  domes  and  ridnes  12  to  15  feet  hiRli.  Small 
deponit  south  of  creek  in  road. 

Xo.  70.  Tp.  18,  range  15,  soc  18.  Two  pits  in  McLean,  fiOO  cu.  yd.s.  aii<l  10,000 
en.  yds.     Large  quantitv  of  rather  fine  Miitid  available  in  hill  at  schoolhouse. 

Xo.  71.  Tp.  10,  range  17,  sees.  1  and  1-'.  Several  thousand  cu.  yils.  excavated 
in  pit  south  of  creek.  Owner:  llvmend  TilHchneider,  Rastadt.  Smaller  pits  to  the  north 
of  creek.  Mostly  aand,  said  to  sell  at  30  to  40  cents  per  load  for  concrete  work  in  Kronan. 
Large  amount  of  sand  available. 

Xo.  72.  Tp.  !>/,  range  10,  sees  7,  8.  Excavations  small.  Covers  95  a<'r«'s,  15  to 
18  feet  deep  in  places.  Probably  fairlv  ronfiiiuous  sheet  of  aand  and  gravel,  with  more 
than  1,000,000  cu.  vds.  available. 

Xo.  73.  Tp.  iti,  range  10,  sec.  24.  .Vmount  available,  about  100,000  cu.  yds.  In 
sec.  23  there  are  knolls  of  gravel  u  to  10  feet  high  over  area  mapped.  Small  pit  in  gravel 
pocket  in  sec.  31.  . 

No.  74.  Tn.  10,  range  10,  sees.  12,  13.  Small  pits  in  r.iad,  extensive  areas  mapped 
from  surface  inclications  lie  in  low  ridges  to  west  in  sees.  13  and  14. 

Xo.  75.  Tp.  10,  range  10,  sec.  3.  Chvner:  J.  Obrigewitsch.  Small  pit,  amount 
available  vcrj-  sm.all.     Used  in  building  farmhouse. 

Xo.  70.  Tp.  10,  range  10,  sec.  12.  In  northwest  quarter  is  a  long  ri<lKe  with  surface 
indications  of  gravel  over  it  and  a  volume  of  aliout  300,000  cu.  yds.  Two  isolated  hills 
with  gravel  surfaces  in  the  northeast  quarter  of  section  are  IS  to  21  fe(>t  high  and  m-ay 
contain  40,000  cu.  yds.  above  level  of  plain. 

Xo.  77.  Tp.  10,  range  10,  sec.  12.  Two  small  pits  0  feet  deep  in  road  allowance, 
deposits  small. 


25 


I'l  vr»   I. 


Ni.rtliwallof  pit  No.  J.)  m-.n  Tilot  Unite, -li,.»ini.' "-iii!'  in  ynivcl  .IcpoMi.     Tl.,.  Iiiuh  »all  hchind 

curs  »n  l.'fl  IS  (if  Knivci ;  .lay  and  sand  undiTlir  ihr  dcprc>>-ii.n  in  tniddlf    xh^  I'laii-  II  i   and  ~ill 

and  lirmvn  sand  fmin  Ihc  wall  on  riiilit.     lartlicr  ti.  rittl.t  nn  liiKli  unmnd,  iu<i  outside  the 
view,  the  wall  is  of  Kravel.       I'ai^e  4  i 
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